The relationship of parental history of high blood pressure (HBP) to blood pressure (BP) was estimated in three Japanese population samples, totalling 591 men and women aged 20-59 years, from the INTERSALT study. Parental history of HBP was defined as reported HBP by their father and/or mother. With adjustment for antihypertensive medication, body mass index, alcohol intake, and Na/K ratio in 24-h urine, for participants with a parental history of HBP compared to those without a history, BP was higher for three to four age-sex strata, both for systolic and diastolic pressure (SBP, DBP), by 3.3 to 6.8 and 2.7 to 5.5 mm Hg respectively, with four
Introduction
Family studies, for example in twin and adopted individuals, provide consistent evidence for familial aggregation of blood pressure (BP) and hypertension. [1] [2] [3] [4] [5] [6] [7] [8] [9] For systolic BP (SBP), parent-offspring correlation coefficients are about 0.12 to 0.34. For dizygotic twins, correlations are about 0.25 for SBP and 0.27 for diastolic BP (DBP); for monozygotic twins, 0.64 for SBP and 0.51 for DBP. Correlations are higher between biological than adoptive relatives. 8, 9 Family histories of disease are recognised as indices of heredity and/or familial aggregation of diseases, and well-used for clinical practices. To obtain data on family history of diseases is easy and practical. But the accuracy of family histories may not be so good, because the definition of family is obscure and memories of family are not so precise. In order to estimate a family history of high BP (HBP), a clear definition of family and a precise memory of family history of HBP are important. Furthermore, in the of these six positive associations statistically significant. This finding was stronger for persons aged 40-59 than for those aged 20-39. These data support the judgment that for persons with a parental history of HBP, BP is apt to increase more with age due to combined effects of genetic and environmental factors. Such people especially need to control their lifestyles carefully, including to maintain an optimal intake of salt (eg, Ͻ70 mmol/day) and a high potassium intake, to avoid high alcohol consumption, and keep weight moderate, for the prevention of hypertension.
assessment of the influence of family history of HBP on BP, it seems important to take behavioural factors into consideration, such as alcohol and salt intake. However, no report dealing with family history of HBP considered such factors. In the present study, relationship of parental HBP to BP levels in adults aged 20-59 was estimated with consideration of behavioural factors assessed by standardised procedures in the three Japanese population samples from the INTERSALT study.
Subjects and methods

Population samples
Three population samples were surveyed by the INTERSALT study in Japan: in Osaka, Tochigi, and Toyama; details are published. [10] [11] [12] According to a standardised protocol common to all centres, these samples were selected randomly from defined populations. Osaka is the second largest metropolitan area in Japan; participants were recruited from workers in a life insurance company and their wives. In Tochigi, a rural area 100 km north of Tokyo, participants were selected from a farming community. In Toyama, a semi-rural area located in central Japan, participants were workers employed in a factory producing aluminium building materials. Two hundred women and men aged 20-59 years were required by protocol in each centre, selected randomly from enumerated lists, to give 25 people in each of eight 10-year age-sex groups. Complete data were obtained on 200 participants in Toyama, 197 in Osaka, and 194 in Tochigi. Thus, overall, 591 participants in the three samples in Japan were included in the INTERSALT. All participants were blind to the hypotheses except for a relationship between salt and BP.
The surveys in the three Japanese populations were carried out during 1985, mainly between April and June in Osaka, between August and December in Tochigi and in October and November in Toyama.
Measurements
Details of INTERSALT design and methods have been published. [10] [11] [12] [13] [14] [15] [16] Methods are summarised briefly here. BP was measured twice in the sitting position using a random zero sphygmomanometer, after participants had rested quietly for 5-min. DBP was recorded as Korotkoff phase V. Electrolyte excretion was estimated from a single 24-h urine specimen, with start and end of collection supervised by clinic staff. Urine collections were rejected if assessed as incomplete based on interview and/or volume. Aliquots from the 24-h urine collections were stored locally at −20°C before being shipped, refrigerated, to the Central Laboratory in Leuven, Belgium. Height and weight were measured in standard fashion and used to calculate body mass index (BMI, kg/m 2 ). Daily alcohol intake for the 7 days prior to the survey was recorded on the questionnaire and converted into ml absolute alcohol-based on locally available data. Parental history of HBP was also recorded on the questionnaire. Definition of positive parental history of HBP was the participant's report that father and/or mother had HBP currently or in the past. Data forms were sent to the Coordinating Centre at the London School of Hygiene and Tropical Medicine for coding, data entry, edit, and analysis.
Number of participants with positive parental history of HBP was as follows; 30 (20.1%) in the father only, 19 (12.8%) in the mother only, and four (2.7%) in both for women aged 20-39; 37 (25.5%) in the father only, 22 (15.2%) in the mother only and five (3.4%) in both for men aged 20-39; 39 (26.5%) in the father only, 27 (18.4%) in the mother only and seven (4.8%) in both for women aged 40-59; 35 (23.3%) in the father only, 27 (18.0%) in the mother only and four (2.7%) in both for men aged 40-59.
Statistical methods
Since differences in findings among the three Japanese centres were small, 10 ,11,14 their data were combined for analysis. Participants were divided into four groups by sex and age (aged 20-39 and 40-59), and each group was investigated independently. In each group, persons were stratified by alcohol intake into three categories: 0, 1-299 ml/week, and у300 ml/week. (Among women, there were no participants who reported alcohol у300 ml/week.) Persons were also stratified by urinary Na/K ratio into two categories; Ͻ4.3 and у4.3. Comparison of participants with and without parental history of HBP in each age-sex group was undertaken by unpaired t-tests, tests of proportions or 2 tests as appropriate.
Relationship of parental history of HBP to BP levels was estimated by analysis of variance (ANOVA) with the use of an SPSS program to adjust for age, centre, and antihypertensive medication (only persons aged 40-59 reported such medication), as well as alcohol intake (two categories in women, three categories in men), Na/K ratio, and BMI. Tables 1 and 2 give, by parental history of HBP, agesex specific means and standard errors for age, BMI, BP, and urinary electrolytes, as well as percentages of smokers, alcohol consumers, and users of antihypertensive medication. In three of four analyses for women, BP was significantly higher for those with than those without a parental history of HBP (SBP for women aged 40-59, P Ͻ 0.01; and DBP for women aged 20-39, P Ͻ 0.05; and aged 40-59, P Ͻ 0.01). A similar pattern was present for men aged 40-59 for both SBP and DBP, but it was not statistically significant. Prevalence of antihypertensive medication use was higher for women and men aged 40-59 with a parental history of HBP than in those without (P Ͻ 0.01 for men). In three of four comparisons, mean age was higher for participants with a parental history of HBP than those without (P Ͻ 0.05 for men aged 20-39). For prevalence of smoking and alcohol intake, and mean electrolyte levels in urine, there were no significant differences between participants with and without parental history of HBP.
Results
Univariate analysis
Multivariate analyses
Results of ANOVA with adjustment for age, study sample, and antihypertensive medication are shown in Table 3 . For SBP, differences between participants with and without parental history of HBP were −0.31 mm Hg (men) and 3.35 mm Hg (women) aged 20-39; 4.22 mm Hg (men, P Ͻ 0.10) and 6.49 mm Hg (women, P Ͻ 0.01) aged 40-59. For DBP, differences were −1.72 mm Hg (men) and 3.82 mm Hg (women, P Ͻ 0.05) aged 20-39; 2.42 mm Hg (men) and 5.11 mm Hg (women, P Ͻ 0.05) aged 40-59.
Further analyses were undertaken with adjustment for alcohol intake, urinary Na/K ratio, and BMI as well as age, study sample, and antihypertensive medication (Table 4) . For SBP, differences between participants with and without parental history of HBP were −0.43 mm Hg (men) and 3.29 mm Hg (women) aged 20-39; 5.18 mm Hg (men, P Ͻ 0.05) and 6.85 mm Hg (women, P Ͻ 0.01) aged 40-59. For DBP, differences were −2.28 mm Hg (men) and 3.80 mm Hg (women, P Ͻ 0.05) aged 20-39; 2.74 mm Hg (men) and 5.50 mm Hg (women, P Ͻ 0.01) aged 40-59. The same tendency was observed on condition that hypertensive participants (SBP Ͼ160 mm Hg and/or DBP Ͼ95 mm Hg and/or under medical treatment) were deleted, but showed no significance (results were not shown).
Discussion
The main findings from these age-sex specific analyses for 591 men and women aged 20-59 years, from three Japanese population samples in the INTERSALT study, were as follows. With control for lifestyle and other variables, for persons with a parental history of HBP, compared to persons without such a history, SBP was higher for three of four agesex strata, by 3.3 to 6.8 mm Hg (P Ͻ 0.05 for men and women aged 40-59), and DBP higher in three of four age-sex strata, by 2.7 to 5.5 mm Hg (P Ͻ 0.05 for women aged 20-39 and 40-59). For both SBP and DBP, differences were greater for older (aged 40-59) than younger (aged 20-39) persons. This positive relationship of parental history HBP to SBP and DBP was independent of lifestyle traits related to BP, including 24-h urinary Na/K excretion, BMI, and reported alcohol intake during the preceding week. This finding indicates that practical value of brief, simple inquiry as to parental history of HBP, as an aid to identifying people at higher risk of HBP, especially middle-aged individuals. It also poses intriguing questions as to possible mechanismspolygenic and environmental, eg, family-related exposures earlier in life -accounting interactively for this association. 17 There is also the related research question as to whether an independent significant relationship of parental history of HBP to BP persists with more detailed and in-depth control for environmental factors, eg, based on more than only one 24-h urinary collection (as in INTERSALT) and data on dietary intake and physical activity.
Recent changes in lifestyle and public health activities to reduce salt intake have resulted in favourable trends in Na consumption in Japan. 18 These trends in salt consumption have been accompanied by downward trends in population average BP levels and in the prevalence of hypertension. 19, 20 There have also been extensive efforts to detect people with hypertension and bring them under long-term medical treatment. During these years, a marked reduction in mortality from stroke has been recorded in Japan. 19, 21 Correspondingly, results in INTERSALT show that averages of SBP and DBP in three Japanese samples were lower compared with those from several other INTERSALT samples. 10, 11, 14, 15 However, Na excretion and Na/K ratio in 24-h urine were still high.
In this study, for simplicity, standardisation and high accuracy, the matter of family history of HBP was confined to parents of participants. There were, however, limitations. First, the BP of parents was not measured. Second, parental age when HBP was diagnosed was not ascertained. Those limitations might decrease strength of the relationship of parental history of HBP to BP in this study.
There was a possibility that participants with positive parental HBP might be more prone to anxiety during investigation of their own BP levels, and that this tendency produced a difference of BP. But, if such an effect on BP was large enough, differences between participants with and without parental history of HBP aged 20-39 could be observed as well as in participants aged 40-59. Results in this study did not show such a tendency, so such effect might not be so large, even if there was.
Significant associations of parental history of HBP with BP of participants aged 40-59 was found in both women and men for SBP, and in women for DBP. On the other hand, for persons aged 20-39, there was a significant finding for only one of four groups (women, for DBP). This difference may reflect ages of the participants and their parents. With the multiple adverse exposures in industrialised society, the distribution of BP within the population shifts to the right (upward) with age during adulthood due to several possible reasons, including high salt, high Na/K, and other adverse dietary factors, alcohol, obesity, lack of exercise, stress, chemical exposures, other factors related to socioeconomic situation. 22, 23 But effects of those changes on BP are manifest gradually with age. For participants aged 20-39, they and their parents may still be too young to show much BP rise with age and to have HBP. Accordingly, parental history of HBP may not show its influence significantly on BP for those aged 20-39, unless much larger samples are used, capable of detecting smaller relationships. Results of nonhypertensive participants showed no significance. Smaller sample and narrower range of BP may be main reason.
In summary, our findings suggest the relationship of parental history of HBP to BP of adults, especially middle-aged adults, and indicate that this association may be independent of important familyrelated lifestyle traits influencing BP. They support the recommendation that improvements in lifestyles to prevent and control adverse BP levels and frank HBP are especially relevant for persons with a family history of HBP.
